Objective: To study the association between the number of area-level and individual-level social participation items and cognitive function in the community-dwelling older populations of three towns in Hokkaido, Japan. Methods: A survey on the frequency of social participation was mailed to those in the Japan Gerontological Evaluation Study 2013 who were aged ≥65 years, were not certified as needing long-term care, and lived in Higashikawa, Higashikagura, or Biei. A subset of participants aged 70-74 years completed the Japanese version of the Montreal Cognitive Assessment in a home visit survey. Both the area-level and individual-level social participation and demographic information were obtained on the selfadministered questionnaire. A multilevel analysis using a generalized linear mixed-effects model was used to examine the association between variables in the area-level and individual-level social participation items and cognitive function. Results: Out of 4042 respondents, data from 2576 were used in the area-level analysis. Of those, 180 were aged 70-74 years and completed the home visit survey for the individual-level analysis. A greater number of higher social participation items at the individual level was associated with higher cognitive function scores after adjusting for area-level social participation variables and confounders (regression coefficient: 0.19; 95% confidence interval: 0.03, 0.35). There were no significant associations between area-level social participation item averages and individual-level cognitive function scores. Conclusions: Older populations participating in many kinds of social activities exhibited preserved cognitive function even after adjusting for area-level social participation variables.
Introduction
Dementia is a syndrome in which there is deterioration in memory, thinking, orientation, comprehension, calculation, learning capacity, language, and judgment (World Health Organization, 2015) . It is one of the leading causes of disability and dependency among older people worldwide (World Health Organization, 2015) . Diabetes, midlife hypertension, midlife obesity, smoking, and physical inactivity are known to be risk factors for dementia (World Health Organization, 2015) . In Japan, the number of patients with dementia is increasing, and the prevalence is estimated at 16.4% (Wada-Isoe et al., 2012) . Dementia is the second most common cause of long-term care in Japan according to the Japan social long-term care insurance system (Ministry of Health, Labour and Welfare, 2013a) . However, there is no treatment available to cure dementia or to alter its progressive course (World Health Organization, 2015) ; therefore, prevention of cognitive decline is necessary.
There has been an increasing application of the concept of social capital (SC) in public health (Rouxel et al., 2015; De Silva et al., 2005; Murayama et al., 2012; Islam et al., 2006) . Putnam defines SC as "features of social organization such as trust, norms, and networks that can improve the efficacy of society by facilitating coordinated actions" (Putnam, 1993) and as a key characteristic of communities (Putnam, 2000) . SC is also described as resources that are accessed by a person because of membership of a network or a group (eds Berkman, Kawachi, and Glymour, 2014) . There are two levels of SC: individual and group level (eds Berkman, Kawachi, and Glymour, 2014) . Individual-level SC refers to resources accessed by the individual through their egocentered networks, whereas group-level SC is regarded as a property of the whole social network (eds Berkman, Kawachi, and Glymour, 2014) . Social participation, an indicator of social cohesion, is an index of SC, although there is no agreement on a common definition (Levasseur et al., 2010) . However, one definition of social participation mostly focuses on a "person's involvement in activities that provide interaction with others in society or the community" through content analysis (Levasseur et al., 2010) .
Focusing on social participation and cognitive function, some cross-sectional studies reported that participation in some social activity items was associated with higher levels of cognitive function (Maselko et al., 2014; Lee, 2015) . Also, several longitudinal studies reported that participation in some, a few, or many types of social activities was associated with a reduced risk of cognitive decline (Niti et al., 2008; Iwasa et al., 2012; Leung et al., 2011; Hsu, 2007; Glei et al., 2005) and dementia (Akbaraly et al., 2009; Scarmeas et al., 2001) . In particular, an association between engaging and stimulating leisure activities occurred not only with general dementia (composed of Alzheimer's disease, mixed and vascular dementia, and other dementias; American Psychiatric Association, 1994) but also with Alzheimer's disease independently (Akbaraly et al., 2009) . Furthermore, participation in cognitive activities was associated with reduced deposition of β-amyloid, a major constituent in Alzheimer's disease (Landau et al., 2012) . Thus, participation in social activities could possibly prevent the progression of dementia.
If living in areas with high levels of area-level social participation preserves cognitive function for older people, public administration sources such as municipal governments can provide measures of dementia by area units, and it may be efficient and effective in public health service. However, to the best of our knowledge, there is no study investigating the association between individual-level and area-level social participation and cognitive function. This study aimed to study the association between both the number of area-level and individual-level social participation items and cognitive function in the communitydwelling older population of three towns in Hokkaido, Japan.
Methods

Study participants
This cross-sectional study is a part of the Japan Gerontological Evaluation Study 2013 (JAGES 2013). JAGES 2013 was conducted from October to December 2013 and has been described elsewhere (Tani et al., 2015) . In short, it is an ongoing cohort study that enrolled 195 290 community-dwelling individuals from 30 municipalities in 14 prefectures throughout Japan who were aged 65 years or older and were not eligible for long-term care (Ministry of Health, Labour and Welfare, 2013b) . Of those, we further restricted the survey to participants living in the three towns of Higashikawa, Higashikagura, and Biei in Hokkaido, northern Japan. The population of each town in 2010 was 7859, 9292, and 10 956, respectively, and the percentage of people aged 65 years or older was 28.0, 22.5, and 33.5%, respectively. The major industry of each town is farming. Participants were further narrowed to those aged 70-74 years due to financial restrictions of the study and because the number of people needing long-term care drastically increases at age 75 or older (Cabinet Office, 2014) . In 2013, selfadministered questionnaires were directly mailed. For those respondents who agreed to participate in an additional survey, we conducted a home visit survey in 2014 to assess their cognitive function.
This study was approved by the Ethics Review Committee of the Hokkaido University Graduate School of Medicine and Nihon Hukushi University.
Written informed consent was assumed with voluntary return of the mailed questionnaire and by a signed consent form after explanation of the study by investigators for the home visit.
Measurements
Social activities involved 14 items, including volunteer groups, sports groups or clubs, hobby groups, senior citizen clubs, neighborhood or residents' associations, learning and culture clubs, long-term care prevention and health promotion activities, teaching activities for skills and experience, community events, supporting activities for the older needing care, supporting activities for the older needing long-term care, supporting activities for parents raising a child, improving community environment, and other groups or organizations. Participants were queried on the frequency of each social activity: "How often do you participate in the following groups?" Possible answers were four or more times per week, two to three times per week, once per week, several times per year, or never. For each question, participants were further combined into two groups (presence or absence) after calculating the cumulative proportion for each response in all participants. Here, a cumulative proportion reaching 50% was considered the cutoff point for attendance. Demographic factors such as age and sex were obtained from the municipal government.
Outcome measurement
Cognitive function was assessed using the Japanese version of the Montreal Cognitive Assessment (MoCA-J) (Fujiwara et al., 2010; Nasreddine et al., 2005) during a home visit. The MoCA-J assesses six domains of cognition: memory; visuospatial abilities; executive functions; attention, concentration, and working memory; language; and time and place orientations (Fujiwara et al., 2013) . The total MoCA-J score ranges from 0 to 30; a higher score indicates higher cognitive function. To correct for an education effect, 1 point was added for participants with a total MoCA-J score of fewer than 30 points and an educational attainment of 12 years or less. MoCA-J subscores were also calculated in each domain of cognition. The home visit was conducted by five qualified medical care personnel such as a nurse, social worker, clinical psychologist, and nursing care manager. To prevent measurement bias, they were trained in the appropriate assessment of the MoCA-J by lectures and role playing before home visits.
Statistical analyses
Continuous variables are presented as means ± stanndard deviation (SD); categorical variables are presented as numbers (percentages). Individual-level social participation was defined as the number of social activities participants had attended. If the participants did not positively respond to any of the 14 social activities items, then they were excluded from the analysis. Area-level social participation was calculated as the average number of individual total social participation items using data from all JAGES 2013 participants in the 14 public elementary school areas in Higashikawa, Higashikagura, and Biei. Public elementary school areas are defined as the primary residential spatial unit of people in Japan and generally represent a geographical scale in which the older can travel easily by foot or bicycle (Takagi et al., 2013) .
A multilevel analysis using a generalized linear mixed-effects model was used to examine the association among variables for individual-level and arealevel social participation items and cognitive function. Demographic information such as sex, age (as a continuous variable), living alone (yes, no, unknown), equalized annual income (< 2m, ≥ ¥ 2m, unknown), education (≤9, >9 years, unknown), smoking status (current/former, never smokers, unknown), drinking status (current/former, never drinkers, unknown), physical performance (deteriorated, not deteriorated, unknown), and depression (presence, absence, unknown) were introduced into the model as confounders.
Equalized annual income was calculated by the square root of household size (Organization for Economic Co-operation and Development, 2014). Physical performance was measured using items relevant to motor organs from a basic checklist from the Ministry of Health, Labour and Welfare (Fukutomi et al., 2015) . A deterioration in physical performance was defined as a score of less than 3 points (out of a total of 5 points). Depression was evaluated using the Geriatric Depression Scale Short Form (Yeasavage, 1986) , in which scores range from 0 to 15. The presence of depression was defined as a score of more than 5 points. An alpha level of 0.05 was considered statistically significant. All statistical analyses were performed using JMP 11.0 software (SAS Institute Inc.).
Results
Of the 6239 people who met the criteria (aged at least 65 years; lived in Higashikawa, Higashikagura, or Biei; and did not need long-term care before April 2013) and received the questionnaire, 4042 returned it (Figure 1 ). After excluding those participants aged <70 or ≥75 years (n = 2948), who obtained certification of long-term care need (n = 6), who moved out (n = 2), who refused to participate in further mail surveys (n = 287), and who refused to participate in the home visit survey (n = 538), 261 participants agreed to participate in the home visit survey. Of those, 81 were excluded due to a history of stroke (n = 11) or for missing data for MoCA-J (n = 2) and/or social participation (n = 72). This left 180 participants who were included in the final individual-level analysis. The average number of area-level social participation items was calculated from the 2576 (out of 4042) participants who were not missing data for public elementary school area (n = 59) and/or social participation (n = 1426).
The number of mean social participation items was similar among the 14 districts in the three towns studied (Table 1) . Table 2 shows the mean proportion of social participation items in the area-level analysis (n = 2576). The mean number of social participation items was 2.7. About 40% of participants participated in community events and/or activities improving the community environment. In contrast, the percentages of social participation in neighborhood or residents' associations, supporting activities for the older needing care/long-term care, and parents raising a child were each less than 10%.
Characteristics of the study participants at the individual level (n = 180) are shown in Table 3 . The mean age of participants was 71.6 years; 64% of the participants were male; 83% of participants lived with others; more than half had an equalized annual income less than ¥2m; 66% were educated >9 years; 31% were current/ever smokers; 49% were current/ever drinkers; 86% had preserved physical performance, and 14% had depression symptoms. The mean number of social participation items was 4.0. Table 4 provides the association between the number of social participation items and several individual-level variables, as well as cognitive function scores. Intra-class correlation among public elementary school areas was 0.06 (null model), meaning that the data have a hierarchical structure. Greater numbers of social participation items at the individual level were associated with higher cognitive function scores after adjusting for confounding factors (model 2). This association remained even after adjustment for area-level social participation variables and confounders (model 4: regression coefficient, 0.19; 95% confidence interval: 0.03, 0.35). There were no significant associations between the mean number of social participation items in the area-level and individual-level cognitive function scores (models 3 and 4). Table 5 provides the association between the number of social participation items and cognitive function subscores. A higher number of social participation items at the individual level was associated with a higher visuospatial abilities score (regression coefficient: 0.05; 95% confidence interval: 0.02, 0.09) and executive function score (regression coefficient: 0.06; 95% confidence interval: 0.003, 0.11) after adjusting for area-level social participation variables and confounders. There were no significant associations between the mean number of area-level social participation items and any cognitive function subscores.
Discussion
The results from our study indicate that a greater number of social participation items at the individual level was significantly associated with higher cognitive function scores, although there was no significant association between the number of social participation items at the public elementary school area-level and individual-level cognitive function scores. A population-based cohort study in communitydwelling older Japanese adults indicated that only 40% of participants had stable MoCA-J performance over a 1-year period, which is operationally defined as no change or a change of no more than 1 point (Suzuki et al., 2015) . Therefore, our results appear relevant to the preservation of cognitive function. Furthermore, to our knowledge, this is the first study investigating the association between the numbers of social participation items both at individual and area levels and cognitive function.
Prior work has shown that people who participated in one or more social activities such as playing a game; socializing with friends/neighbors/relatives; joining organized group activities; doing volunteer work; or participating in religious groups, business associations, political groups, clan associations, or elderly organizations were at a reduced risk of cognitive impairment compared with those involved in no social activities (Glei et al., 2005 ). Also, a higher level of participation in intellectual activities such as reading books, investing in or following the stock market, participating in forums or discussions, making handicrafts, or playing a musical instrument in late life was significantly associated with less cognitive decline (Leung et al., 2011) . People with a high leisure score (an aggregation of the number of social participation items calculated from 13 leisure activities such as having a hobby; going on walks or excursions; visiting friends or relatives; physical conditioning; going to movies, restaurants, or sporting events; reading; watching television; doing community volunteer work; playing cards; and attending a club or center, classes, or church/synagogue/temple) had a decreased risk of incident dementia compared with those with low scores (Scarmeas et al., 2001) . Our results were consistent with these previous studies (Leung et al., 2011; Scarmeas et al., 2001; Glei et al., 2005) .
The possible mechanisms involved in our findings are unclear. However, we infer that three pathways, stress reduction, a wider social network, and varied cognitive stimulation, should explain the effect of a higher number of social participation items on preserving cognitive function at the individual level. First, active people who have many opportunities to interact with others have higher positive emotional states, which leads to stress reduction (Fratiglioni et al., 2004) , than those who do not. On a physiological level, chronic stress is negatively associated with cognitive dimensions in the hypothalamic-pituitaryadrenal axis (Wilson et al., 2009; Kremen et al., 2012) . Parts of the human brain, such as the hippocampus, including the dentate gyrus (Eriksson et al., 1998; Benarroch, 2013) , retain their ability to generate neurons throughout life (Steindler and Pincus, 2002) . However, glucocorticoids such as cortisol are an end product of the hypothalamic-pituitary-adrenal axis (Levine et al., 2007) and inhibit neurogenesis (Reagan and McEwen, 1997; Gould et al., 1999) . Higher salivary cortisol levels, known to reflect blood cortisol (Kirschbaum and Hellhammer, 1994) , were significantly associated with poorer performance in the cognitive domains of executive measures, processing speed, and visual-spatial memory (Franz et al., 2011) . Thus, social participation may lead to retention of neurons and brain structure due to decreased chronic cortisol exposure. Second, high levels of social 
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Adjusted for sex, age, living alone, equalized annual income, education, smoking status, drinking status, physical performance, and depression; possible ranges were 0-5 for memory score, 0-4 for visuospatial abilities and executive functions scores, and 0-6 for attention, concentration, and working memory as well as for language and time and place orientation scores.
a Regression coefficient and 95% confidence interval.
participation and healthy behaviors such as not smoking, leisure time physical activity, daily consumption of vegetables, and adequate duration of sleep were beneficial in preserving cognitive abilities (Lee et al., 2010; Nieminen et al., 2013) . In another study, smoking cessation by a person such as a friend decreased one's chances of smoking, that is, smoking behavior spreads through social ties (Christakis and Fowler, 2008) . Varied social participation and healthassociated behavior may contribute to preserving cognitive function through self-health management. In addition, some kinds of social participation such as hobbies (Iwasa et al., 2012) , productive leisure activities (Niti et al., 2008) , and intellectual activities (Leung et al., 2011) were reported to prevent declining cognitive function. Stimulating leisure activities such as attending organization meetings, doing crosswords, or practicing an artistic activity were also associated with a reduced risk of dementia (Akbaraly et al., 2009) . The concept of cognitive reserve, which was proposed by Stern, is "based on more efficient utilization of brain networks or of enhanced ability to recruit alternate brain networks as needed" (Stern, 2002) . This idea was developed from the concept of brain reserve, which includes brain size or synapse count (Stern, 2002) . Cognitive reserve parallels the brain reserve in coping with brain damage, and it consists of the ability to use alternate paradigms to approach a problem when the standard approach is no longer operational (Stern, 2002) . Therefore, varied cognitive stimulation caused by large amounts of social participation may preserve cognitive function and thus enhance cognitive reserves. Although no significant association with cognitive function scores was observed, there are three proposed explanations relating to contextual/group-level mechanisms: social contagion, informal social control, and collective efficacy (Berkman, Kawachi, and Glymour, 2014) . We predict that individuals possessing a high proportion of social participation items at the area level (1) are encouraged to participate socially; (2) have opportunities to communicate with people on a daily basis, permitting early intervention; and (3) receive beneficial results from active social participation.
Our study has several limitations. First, reverse causality could occur due to the nature of the crosssectional design. Individuals with high cognitive function may participate in many kinds of social activities, although we excluded participants who had a history of stroke and dementia, and we adjusted for possible confounders as much as possible. Further longitudinal studies are needed to resolve this limitation. Second, this study was conducted in three adjacent towns in Hokkaido, a northern island of Japan. There was little difference in the area-level social participation among their public school areas. Results from a previous study in the JAGES 2010 wave indicate that the percentage of social participation differed among school districts (n = 141) (Kondo, 2016) . Although we evaluated cognitive function among only people living in one area with 14 school districts, there was a dose-response association between individuallevel social participation and cognitive function. Also, we observed a positive but not statistically significant relationship between the number of social participation items at the public elementary school area level and cognitive function scores. Comparing areas with different features will clarify the effect of area-level social participation on cognitive function. Third, a selection bias of participants with high health consciousness might be included in this study. Although we adjusted cognition-related variables such as smoking status, alcohol drinking habit, educational attainment, depressive status, and physical function, the amount of social participation in 180 study participants was higher than that in area-level participants. Thus, it is difficult to generalize the results. Fourth, the 2576 participants comprised 41.3% of the eligible older populations, so selection bias may be a factor in the average number of arealevel social participation items. To assess this bias, we conducted a sensitivity analysis using the data on participants who answered at least one question of social participation (n = 3649; 58.5% of eligible older populations), and our results were not essentially changed.
Conclusion
In conclusion, the present study indicated that older populations participating in many social activities, compared with those involved in few items of social activity, preserved their cognitive function even after adjustment for area-level social participation variables. Future national and multiple area longitudinal studies are needed to examine this causality and further investigate the preventive effects of social participation on cognitive decline.
• Participating in many kinds of social activities preserved cognitive function in the older population even after adjusting for area-level social participation variables.
